DESCRIPTION 

HIGH-PRESSURE FUEL INJECTION PIPE HAVING CONNECTING HEAD 



Technical Field 

The present invention relates to a high-pressure fuel 
injection pipe haying a connecting head, which is frequently 
used as a fuel feed passage in a diesel engine, for example, 
and which has the connecting head made of a thick steel pipe 
having a relatively small diameter of 4 ram to 20 mm and a thickness 
of about 1 mm to 8 mm. - • 

Background Art 

In the high-pressure fuel injection pipe having the 

connecting head of that kind in the prior art, as shown in Fig. 

> 

12 and Fig. 13, as a frustrum connecting head 12 having a seat 
face 13 formed of an outer circumference at the end portion 
of a thick steel pipe 11 is shaped by a buckling work to push 
it in the pipe axis direction from the outside with a punch 
member, a deep and large annular sharp wrinkle or pocket 17 
is formed in the head inner circumference by the outward 
expansion accompanying the buckling work of the pushing 
operation. On the lower neck portion of the connecting head 
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12 , on the other hand, thereis fitted a washer (i .e . , a connecting 
washer) 14 or a sleeve washer (i.e., a connecting washer) 15 
either as a part necessary for applying an axial force effective 
for mounting the connecting head 12 on a mating seal face or 
as a reinforcement when vibrations occur. 

Disclosure of the Invention 

However, this high— pressure fuel injection pipe of the 
prior art having the connecting head is troubled by a problem 
that the deep and large annular sharp wrinkle or pocket 17 formed 
in the head establishes a point to start the fatigue failure 
due to the high-pressure fluid when the injection pipe is 
arranged for use. 

In order to solve this problem , therefore , we have proposed 
a high-pressure fuel injection pipe using a contact type 
connecting washer 1 6 , which is provided with a chamfered portion 
16a of a flat slope on the side of the connecting head to cover 
the outer circumference (or the back face) of the lower neck 
portion of the connecting head 12, as shown in Fig. 14. 

In the case of this high-pressure fuel injection pipe, 
by the action of the connecting washer 16 having the chamfered 
portion 16a to cover the outer circumference of the lower neck 
portion of the connecting head 12, the sharp wrinkle or pocket 
to be easily formed in the inner side of the head by the buckling 



2 



work can be formed into an annular groove 18 having a shallow 
and gentle section. As a result, there is attained an effect 
to reduce the. possibility of starting the fatigue failure due 
to the concentration of stress in the head. 

In the aforementioned case of the high-pressure fuel 
injection pipe shown in Fig. 14, however, as the injection 
pressure rises to increase the axial force necessary for the 
sealing purpose , the washer or sleeve washer is easily deformed 
by the axial force thereby to raise a problem that a sufficient 
seal face pressure cannot be obtained . In the connecting washer 
16 having the chamfered portion 16a of the flat slope shown 
in Fig. 14, more specifically, the circumferential stress to 
act on the washer or sleeve washer is raised by the wedge effect 
of the chamfered portion 16a. Therefore, the washer or sleeve 
washer is plastically deformed to a larger external diameter 
so that to interfere with the inner circumference of a box nut. 
As a result, the seal face pressure drops to degrade the seal 
performance. 

The present invention has been conceived to solve the . 
aforementioned problems of the high-pressure fuel injection 
pipe shown in Fig . 14, and has an object to provide a high-pressure 
fuel injection pipe, which has a connecting head for a high 
seal performance by preventing a washer or sleeve washer from 
being plastically deformed. 

In order to achieve the above-specified obj ect , according 
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to the invention, there is provided a high-pressure fuel 
injection pipe having a connecting head, comprising: a thick 
steel pipe haying a relatively small diameter and provided at 
its connecting end portion with a connecting head having an 
outer circumference formed into a seat face of either a f rustrum 
shape or a f rustrum shape having a spherical leading end portion 
for a mating seat portion, such that an annular groove formed 
in the inner side of the connecting head in accordance with 
the shaping of the head is made shallow and gentle; and a 
connecting washer fitted on the outer circumference of the lower 
neck portion of the connecting head. The injection pipe is 
characterized in that the connecting head is provided on the 
outer circumference of its lower neck portion with an at least 
two-stepped portion having no slope, and in that. the connecting 
washer is provided with a stepped portion corresponding wholly 
or partially to the stepped portion of the connecting head, 
so that the stepped portions may abut against each other. 

Moreover, the high-pressure fuel injection pipe is 
characterized in that the stepped portion formed on the back 
face of the connecting head has two to five steps . Still moreover , 
the high-pressure fuel injection pipe is characterized in that 
the connecting washer is of either an- integral type or a split 
type including a plurality of thin sleeves having different 
diameters . Furthermore , the high-pressure fuel in j ection pipe 
is characterized: in that the connecting washer is eliminated 
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but a connecting washer portion is integrated with a fastening 
nut; in that the connecting head is provided on the outer 
circumference of its lower neck portion with an at least 
two-stepped portion having no slope; and in that the connecting 
washier portion of the fastening nut is provided with a stepped 
portion corresponding wholly or partially to the stepped portion 
of the connecting head, so that the stepped portions may abut 
aigainst each other. 

On the other hand, the high-pressure fuel injection pipe 
of the invention is characterized in that the stepped portion 
formed on the back face of the connecting head has an angle 
of inclination 9 of 20 degrees to 50 degrees with respect to 
the pipe axis . 

Specifically, the invention is given such a structure 
that the connecting washer to cover the outer circumference 
of the lower neck portion of the connecting head is provided 
with the stepped portion, and that the connecting head is, 
provided on its back face with the stepped portion corresponding 
wholly or partially to the stepped portion of the connecting 
washer , so that the stepped portions may abut against each other . 
As a result, the wedge effect due to the slope can be eliminated 
to prevent the plastic deformation of the connecting washer 
(e.g. , the washer or the sleeve washer) in the radially expanding 
direction so that the interference between the washer and the 
inner circumference of the box nut and the drop of the seal 



face pressure can be prevented to provide a high seal performance . 
Moreover, the annular groove (or the pocket) to be formed in 
the inner side of the head by the buckling work is also made 
shallow and gentle. Thus, the value of the stress to occur 
in the pocket at a high-pressure load time is lowered to improve 
the internal pressure fatigue strength. 

In the inv.ention, the stepped portion on the back face 
of the connecting head is given the angle of inclination G of 
20 degrees to 50 degrees with respect to the pipe axis. This 
reason is explained in the following. At an angle less than 
20 degrees, there is an effect that the pocket can have a shallow 
and gentle section, but the washer or the fastening nut is 
elongated to deteriorate the mountability and increase the 
weight. At an angle more than 50 degrees, on the other hand, 
the pocket is deep but not gentle as in the prior art . with the 
resulting poor effect. 

The high-pressure fuel injection pipe according to the 
invention is given the structure, in which the stepped portion 
having no slope is formed on the back face of the connecting 
head and in which the stepped portion corresponding wholly or 
partially to the stepped portion of the connecting head is formed 
in the contact type connecting washer or fastening nut to cover 
the back face of the connecting head. As a r.esult, the wedge 
effect due to the slope can be eliminated to prevent the plastic 
deformation of the connecting washer (e.g. , the washer or the 
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sleeve washer) or the fastening nut so that the interference 
between the sleeve washer and the inner circumference of the 
box nut and the drop of the seal face pressure can be prevented 
to provide a high seal performance. Moreover, the annular 
groove (or the pocket) to be formed in the inner side of the 
head by the buckling work is also made shallow and gentle thereby 
to eliminate the fear of cavitation erosion, as might otherwise 
be caused in the inner side of the head due to the hydraulic 
pressure. Another excellent effect is to reduce the 
possibility of starting the fatigue failure drastically. 
According to the results of our FEM (Finite Element Method) 
analyses, it has been found out that the high-pressure fuel 
injection pipe according to the invention can have an effect 
of a less residual stress in the pocket and a less strain iii 
the inner surface than those of the high-pressure fuel inj ection 
pipe of the prior art. 

Brief Description of the Drawings 

.Fig. 1 is a longitudinal section showing one embodiment 
of the assembled state of the connecting head of a high-pressure 
fuel injection pipe according to the invention with a washers- 
Fig. 2 - is a longitudinal section showing another 
embodiment of the assembled state of the connecting head of 
a high-pressure fuel injection pipe of the • invention with a 
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washers- 
Fig. 3 is an enlarged half of the longitudinal section 
showing still another embodiment of the assembled state of the 
connecting head of a high-pressure fuel injection pipe of .the 
invention with a washer; 

Fig. 4 is an enlarged half of the longitudinal section 
showing still further embodiment of the assembled state of the 
connecting head of a high-pressure fuel injection pipe of the 
invention with a washer; 

Fig. 5 is an explanatory diagram showing the angle of 
inclination of the back face of the connecting head in the 
high-pressure fuel injection pipe of the invention; 

Fig. 6 is a longitudinal section showing one example of 
an integral washer of a different section shape of the invention ; 

Fig. 7 is a longitudinal section showing one example of 
a split washer of the invention in an enlarged scale; 

Fig. 8 is a longitudinal section showing a sleeve washer 
of the invention in an enlarged scale; 

Fig. 9 is an explanatory diagram of a longitudinal section 
showing a working process according to a method of shaping the 
head of the high-pressure fuel injection pipe shown in Fig. 
1; 

Fig . 10 is an explanatory diagramof a longitudinal section 
showing a working process according to another method of shaping 

the head of the same high-pressure fuel injection pipe; 

« 
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Fig. 11 is a half of the longitudinal section showing 
one embodiment of the assembled state of the connecting head 
of a high-pressure fuel injection pipe having no washer of the 
invention with a fastening nut; 

Fig. 12 is a longitudinal section showing one example 
of the connecting head of a high-pressure fuel injection pipe 
of the prior art; 

Fig. 13 is a longitudinal section showing another example 
of the connecting head of a high-pressure fuel injection pipe 
of the prior art; and 

Fig. 14 is a longitudinal section showing still another 
example of the connecting head of a high-pressure fuel inj ection 
pipe of the prior art. 

Best Mode for Carrying Out the Invention 

In Fig. 1 to Fig. 11: reference numeral 1 designates a 
thick steel pipe; numerals 2-1 and 2-2 a connecting head; 
numerals 2-la' and 2-2a a seat face ; numeral 2-2a ' a curved groove ; 
numerals 2-lb, 3-1, 3a-l, 3b-5 , 3c-l and 7a-l a stepped portion ; 
numerals 3, 3a and 3b a washer; numeral 3c a sleeve washer; 
numeral 4 an annular groove; numerals 5 and 15 a chuck; numeral 
6 a punch member; numerals 7 and 7a a fastening nut; and numerals 
8 and 8a a clearance. 

The thick steel pipe 1 is formed of a relatively 
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small-diameter thick tube, which is made of a carbon steel 
material or a stainless steel material precut to a predetermined 
size for the high-pressure fuel injection pipe and which has 
a diameter of about 4 mm to 20 mm and a thickness of about 1 
mm to 8 mm. 

The high-pressure fuel injection pipe shown in Fig. 1 
is given such a structure that the thick steel pipe 1 is provided 
at its connecting end portion with the connecting head 2-1 having 
an outer circumference formed into the f rustrum seat face 2-la 
for a mating seat portion, that the stepped portion 2-lb having 
no slope is formed on the outer circumference of the lower neck 
portion of the connecting head, and that the contact type 
integral washer 3, which is provided at the open end portion 
to cover that stepped portion 2-lb with the slope-less stepped 
portion 3-1 matching the stepped portion 2-lb, is to abut against 
the connecting head 2-1. The annular groove 4 is contoured 
to have such a section as is shallow on the inner side and gentle . 

The high-pressure fuel injection pipe shown in Fig. 2 
is given the same structure as that of Fig. 1, excepting that 
the shallower annular curved groove 2-2a ' is formed in a portion 
of the f rustrum seat face of the connecting head 2-2 thereby 
to make the annular groove 4 shallower and gentler. In this 
structure, the contact type integral washer 3 , which is provided 
with the slope-less stepped portion 3-1 at the open end portion 
to cover the outer circumference of the lower neck portion of 
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the connecting head, is. to abut against the connecting head 
2-2 which has the stepped portion 2-lb to match the stepped 
portion 3-1 of the washer 3. 

The high-pressure fuel injection pipe shown in Fig. 3 
is given the structure, in which the integral washer 3, which 
has the stepped portion 3-1 formed not to abut against only 
the root portion 2-lc of the stepped portion , is to abut against 
the stepped portion 2-lb which is formed on the back face of 
the connecting head 2-1. In the assembling procedure to be 
used for this structure, for example, with the contact type 
integral washer 3 having the stepped portion 3-1 being fitted 
beforehand around the thick steel pipe 1 , the connecting head 
2-1 having the stepped portion 2-lb is formed at the thick steel 
pipe 1, and the integral washer 3 is then brought into abutment 
against the stepped portion 2-lb of the connecting head 2-1. 

Moreover, the high-pressure fuel injection pipe shown 
in Fig. 4 is structurally similar to those of Fig. 1 and Fig. 
2. In this case, the contact type integral washer 3 having 
the stepped portion 3-1 is given the structure, in which it 
is made to abut against the stepped portion 2-lb of the connecting 
head 2-1 so that the clearance 8 may be formed between the inner 
circumference, which does not have the stepped portion 3-1, 
of the integral washer 3 arid the outer circumference of the 
thick steel pipe 1 . In the assembling procedure to be used 
for this structure, for example, as in the embodiment of Fig. 
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3, with the contact type integral washer 3 having the stepped 
portion 3-1 being fitted beforehand around the thick steel pipe 
1, the connecting head 2-1 having the stepped portion 2-lb is 
formed at the thick steel pipe 1, and the integral washer 3 
is then brought into abutment against the stepped portion 2-lb 
of the connecting head 2-1 . 

The stepped portion 2-lb to be formed on the back face 
of the connecting head 2-1 of the invention has an angle, of 
inclination 9 of 20 degrees to 50 degrees , preferably, 25 degrees 
to 40 degrees with respect to the pipe axis, as shown in Fig. 
5. Meanwhile, said stepped portion 2-lb can be so structured 
that said angle of inclination with respect to the pipe axis, 
could be varied, not only in the linear way. 

As the washer 3 of the invention, on the other hand, there 
can also be used in addition to those shown in Fig. 1 to Fig. 
4 the integral washer 3a, which is provided with the slope-less 
two-stepped portions 3a-l at the open end portion to abut against 
the back face of the connecting head 2-2. In the case of this 
washer 3a, it goes without saying that the back face of the 
lower neck portion of the connecting head is provided with the 
two steps (although not shown) corresponding to at least the 
two-stepped portion 3a-l of the washer. 

All the washers 3 and 3a shown in Fig. 1 to Fig. 6 are 
of the .integral type, but the invention can use not only the 



12 



integral type but also a split type washer. The washer 3b shown 
in Fig. 7 exemplifies the split washer, which has the stepped 
portion composedof aplurality of sleeves of different diameters 
and lengths. This split washer 3b forms a stepped portion 3b-5 
by. overlapping and integrating a plurality of thin sleeves 3b-l , 
3b-2 , 3b-3 and 3b-4 of different diameters one on the other. 
Here is shown the split washer, which is composed of the four 
sleeves. However, the split washer could be constructed, for 
example, either of two or three sleeves or by combining 
one-stepped or more-stepped sleeves. 

On the other hand, the sleeve washer 3c shown in Fig. 
8 exemplifies the integral sleeve washer, which is provided 
with the three-stepped portion 3c-l at the open end portion 
to. cover the back face of the lower neck portion of the connecting 
head. In this case of the sleeve washer 3c, too, the back face 
of the connecting head 2-1 is constructed of three steps 
(although not shown) likewise having no slope. 

Here , the axial length of the washers 3 , 3a and 3b according 
to the invention should not be especially limited but is suitable 
at about 0.4 times. to 1.5 times as large as the pipe diameter. 
Moreover, the step number of the stepped portion of the washers 
3, 3a and 3b and the sleeve washer 3c may be suitably determined 
in dependence upon the axial length or size of those washers, 
and may be five or more for the performance and is sufficient 
two or three for the practice. 
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With reference to Fig. 9 and Fig. 10, here will be described 
methods of shaping the head of a high-pressure fuel injection 
pipe according to the invention. This description is made on 
the case of the high-pressure fuel injection pipe shown in Fig. 
1. . 

In the head shaping method shown in Fig . 9 , on the vicinity 
of the connecting head of the thick steel pipe 1 , the washer 
3 having the generally cylindrical portion and the stepped 
portion 3-1 in the inner circumf erence on the head shaping side 
is. fitted beforehand with a head working allowance. ' With the 
washer 3 and the thick steel pipe 1 being held in the chuck 
5, the leading end portion of the steel pipe 1 is pushed in 
the axial direction by the punch member having a shaping hole 
6a. Then, the portion of the head working allowance of the 
thick steel pipe 1 flows plastically into the stepped portion 
3-1 of the washer 3, which is fitted beforehand in the thick 
steel . pipe 1, thereby to shape the connecting head 2-1. 
Simultaneously with this, the thick steel pipe 1 comes into 
close contact with the inner circumference of the steppedportion 
3-1 of the washer 3, and the outer circumference of the lower 
neck portion of the connecting head 2-1 is covered with the 
washer 3 having the stepped portion 3-1 thereby to form the 
stepped portion 2-lb matching the stepped portion 3-1 of the 
washer 3. At the same time, the connecting head 2-1, which 
has such a frustrum seat face 2-la as is made spherical for 
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the mating seat portion (although not shown) , is obtained at 
the leading end portion of the thick steel pipe 1. 

On the other hand, the head shaping method shown in Fig. 
10 is to shape the connecting head having the stepped portion 
by using not the washer but only the chuck. In this shaping 
method, more specifically, there is used the chuck 15, which 
has a stepped portion 15-1 for forming the stepped portion 2-lb 
on the back face of the connecting head 2-1, is used, and the 
leading end portion of the steel pipe 1 is pushed in the axial 
direction by the punch , member 6 having the shaping hole 6a. 
At this time, the portion of the head working allowance of the 
thick steel pipe 1 flows plastically into the stepped portion 
15-1 of the chuck 15 thereby to shape the connecting head 2-1. 
Simultaneously with this, the thick steel pipe 1 comes into 
close contact with the inner circumference of the steppedportion 
15-1 of the chuck 15, and the stepped portion 15-1 covers the 
outer circumference of the lower neck portion of the connecting 
head 2-1 thereby to form the stepped portion 2-lb matching the 
stepped portion 15-1. At the same time., the connecting head 
2-1, which has the frustrum seat face 2-la for the mating seat 
portion (although not shown) , is obtained at the leading end 
portion of the thick steel pipe 1 . 

In the head shaping methods shown in Fig. 9 and Fig. 10, 
the slope-less stepped portions 3-1 and 15-1 of the washer 3 
, and the chuck 15 restrain the external diameter of the shaped 



portion, so that the annular groove 4, which is formed in the 
inner circumference of the head by the outward expansion of 
the circumferential wall accompanying the buckling work by the 
push of the punch member 6 , is contoured to have the shallow 
and gentle section. 

Here in the case of the high-pressure fuel injection pipe 
shown in Fig, 2,. with a view to forming the connecting head 
2-2 having the shallow annular curved groove 2-2a ' in the portion 
of the seat face, the connecting head is shaped by a method 
similar to the aforementioned one excepting the use of the punch 
member 6 having the bulging portion for forming that curved 
groove 2-2a* , In the case of this high-pressure fuel injection 
pipe, therefore, it goes without saying that the annular groove 
4, which is. formed in the inner circumference of the head by 
the outward expansion simultaneously as the seat face 2-.la or 
2-2a or the curved groove 2-2a ' is formed in the buckling work 
by the push of the punch member 6, is contoured to have the 
shallow and gentle section. 

When the fastening nut 7 is fastened at the pipe connecting 
time,^. moreover , the connecting fixture such as the washer 3, 
3a or 3b or the sleeve washer 3c is subject to the axial force, 
and receives a torque according to a coefficient of friction 
between the fastening nut and the working face . By this torque 
received, the connecting fixture is twisted to absorb the 
twisting energy together with the injection pipe contacting 
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with the inner circumference of the connecting fixture. In 
case the injection pipe is excessively fastened with a high 
torque as the injection pressure becomes high, the axial force, 
as generated by the excessive fastening torque, is absorbed 
between the stepped portion 2-lb of the connecting head 2-1 
or 2-2 and the end face of the stepped portion 3-1, 3a-l, 3b-5 
or 3c-l of the washer or the sleeve Washer, so that the expansion 
of the washer or the sleeve washer is suppressed. Therefore, 
the washer or the sleeve washer is prevented from being 
plastically deformed to have a large external diameter thereby 
to interfere with the inner circumference of the box nut. 

All the high-pressure fuel injection pipe shown in Fig. 
1 to Fig. 9 are provided with the washer or the sleeve washer, 
but the invention could also be applied to the high-pressure 
fuel injection pipe having no washer. 

One example of this application is shown in Fig. 11 . This 
high-pressure fuel injection pipe is given the structure, in 
which the fastening nut 7a is provided with a stepped portion 
7a-l corresponding to the stepped portion 2-lb formed on the 
back face of the connecting head on the inner circumference 
which is thickened by forming the washer portion integrally, 
and is made to abut against the stepped portion 2-lb of the 
connecting head 2-1, so that the clearance 8a may be formed 
in the axial step of each stepped portion. In the assembling 
procedure of that structure, like that shown in Fig. 10, for 
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example, the connecting head 2-1 having the stepped portion 
2-lb is shaped at the thick steel pipe 1. After this, the 
fastening nut 7a having the stepped portion 7a-l is brought 
into abutment against the stepped portion 2-lb of the connecting 
head 2-1. 

Here, the reason why the clearance 8a is formed at the 
axial step of each stepped portion in this washer-less 
high-pressure fuel injection pipe is to reduce the fastening 
torque of the fastening nut 7a. 

In the case of the washer-less high-pressure fuel 
injection pipe, the axial force acts directly on the connecting 
head 2-1 as the fastening nut 7a is fastened at the pipe connecting 
time. In case the injection pipe is excessively fastened with 
a high torque as the injection pressure becomes high, the axial 
force, as generated by the excessive fastening torque, is 
absorbed between the stepped portion 2-lb of the connecting 
head 2-1 and the end face of the stepped portion 7a-l of the 
fastening nut 7a, so that the expansion of the fastening nut 
7a is suppressed. Therefore, the fastening nut 7a is prevented 
from being plastically deformed to have a large external 
diameter. 

Industrial Applicability 

According to the invention, as has been described 
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hereinbefore, the high-pressure fuel inj ection pipe according 
to the invention is given the structure, in which the stepped 
portion having no slope is formed on the back face of the 
connecting head and in which the stepped portion corresponding 
wholly or partially to the stepped portion of the connecting 
head is formed in the contact type connecting washer or fastening 
nut to cover the back face of the connecting head. As a result, 
the wedge effect due to the slope can be eliminated to prevent 
the plastic deformation of the connecting washer (e.g., the 
washer or the sleeve washer) or the fastening nut so that the 
drop of the seal face pressure can be prevented to provide a 
high seal performance. Moreover, the annular groove (or the 
pocket) to be formed in the inner side of the head by the buckling 
work is also made shallow and gentle thereby to eliminate the 
fear of cavitation erosion, as might otherwise be caused in 
the inner side of the head due to the hydraulic pressure . Another 
excellent effect is to reduce the possibility of starting the 
fatigue failure drastically. Thus, it is possible to provide 
the high-pressure fuel inj ection pipe , which is frequently used 
as the. fuel feed passage in the diesel engine, for example, 
and which has the connecting head made of the thick steel pipe 
having the relatively small diameter of 4 mm to 20 mm and a 
thickness of about 1 mm to 8 mm. 
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